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JMMC^ILIZED SEOUENCE.SPECIHC PROBFS ^ ^ 
This invcndon^^re 

pajticulaj:: nucleic acid sequences. More specifically, the invention relates to a niethod for 
_ immobilizing DNA and RNA probes, stable assay reagents comprisinig. the irmnobilized 
5 probes, and hybridization a^ 

: has appUcations in the fields of medical diagnosti^^^ 

science, cnvironmentaJ roonitoriJig of micTOcnrg<0ust^ food and drug quality assurance, 
■and;moiecularJbioIogy/V-— 
- . ■ fovcsngapop^^ 

it),:-:- ; For e;^ample, Wilsoc^ discloses a 

: ^ sicHIe ceU anemiiby resm 

identified a restriction enzj^ of cleaving a nonrial globin gene but incapable of ' 

cleaving the niuiaLied cell) gene.; v^s sicJUe cell ajie^ OTses ffom a p^ 

- the method is effcc^ivc.but requires 10 to of blood or amhioi^ 

15 : Various infectious disca^ be diagnosed by the presence; in cUnicaJ samplei of 

si^ific DNA sequences ichara 

Pathogenic agents include cenain bacteria, such is Salmonella. Chlamvidia : and Neisseria : 
viruses, such as the hcpsmds. HlTiv,' an and prpiozoiairis;; such;a^ 

Pl^smpcjiym, responsible for inalaria, U.S. Patent No. 4.358,535 issued gt §1, 

20 describes the use of si>c^^ for the diagnosis of inf^^ 

" diseases;. The Falkow^^. niethod for detecting p^^ 
(e.g., h)lopd, pells, saliva, ctcV) on a.filt^rXe-g:, nitrpcel^ 

the DNA through chemic^ dehatuiration and heating.^ T^^ are added 

. and fallowed lb hybn^di^^ the v 

25 presence of the pathogen DNA, A problem inherent in the Falkpw £i si/ p^ is ■ 

insensirivity; the procedure does h 

present in a clinical sample from an infected patient or when the DNA to be detected . 
constiujtes only a very sniali fraction of the tpiaJ DNA in the sample. Falkow ^i al- d^ 
teach that the sample DJ^A may be amplified by culturing the cells or organi sins in place on 
30"' ■ the filter , ; ' 

Routine ciinical use of DNA probes for the diagnosis of infectious^ 
be simplified considerably if non-radioacrivcly labeled probes could lic cmployed as 
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described in EP 63,879 to W^^^ 

lalxlci DNA probes arc. dc^ The Ward 

detection ineihb<is and reagents arc^ convenient but relatively insensitive^ again because the 
spcinfic sequence that 1^^^^ be detected is usually present in cixttcmely stnall quantities. ; 
A significant improverncnt in DNA amplification, the polyrnitrasc chain 
5 ■ (PGR) technique; was di Mullis in U.S. Patent Np. ,4,683^02; and detection . 

methods utilizing PC1?L are disclosed by Mbllis ^ al- in U.S. Patent No. 4,683,195: In the 
PGR technique, short oUgohuclcotide^i^ a 
sequence to be amplified. The sequence between the primers need not be known. A 
sample of DNA or RNA is exn^acd and dehaturcd* preferably by beau ; Then, : 
10 oligonucleotide primers are added in molar excess, along with dlsl l Fs arid a polymerase, 

preferably Taq polymerase, which is stable l^^ and ct)nlmercially ayailabi^^^ 
Elmer/Cetus Instruments; DNA 

at the two primer ahncaJ in g sites. . T^^^^ repiicated, and !hcri again dchanirexj.: 

TO 

15 primers, amd the two original st3TUids (p^^^^ molecule). The products arc called 

"long products/* only because. there is no dc^fi^ i>oint of terminatiiori of the synthesized 

strand/ The reaction huxture^ ^^^^ 

the temperature, inactiv*^^^^ 

pbiynierase); and a second cycle in 
20 stfands, the two long prx>dacis froni cycle on_c, two new long ppducis: (rcplicatcd^ the 

original strands), and two ''shon products" replicated from the lohg products produced in 

cycle one. TTie products arc called "sho^^ 

at the 5* end of the "long product" template th6 "end defined by the primer that initiated 
s>Tithcsis of the long product/^^^ t^^ 
25 sequence (sense or anrisensc:) with a prinrier at pric end and a sequence cornpleraentary to a 

primer iai the other end On each additional cycle, an additional t^yo long products arc 
prbduced/aml a number of shori piw^ 

rcniaining at the end of the previous; cycle* arc also produced. Thus, ihe/numbcr of short 
products can double with each cycle. This cxponentiai amplification of a spcxrifi^^^ 
30 s^uence allows the detection of extremely sniaU qu^ 

The PCR process has revolutionized and revitalized the nucleic acid based medical 
diagnostics industry. Because the present invention provides reagents that will often be 
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. utilized in conjunction with PGR; some additional background inforrnacion on PGR may be 
helpfuLi:Thc PGR process can te "M^'^^ including single or 

: . ■ V i:^ double-stranded DNA otI^ messenger RN A)' nucleic. acids produced froni a 

previous amplification reaction; p hy tmdsVor a niixture of any of these 

: : acidsi if the original or target nucleic acid containing the sequence variation to be amplified 
5 is single stranded^ its compleincnt is synihesi by adding ohe ur.morc primers* 

nuclf utides, and a polymerase; for R>I A; this polymerase is reverse transcriptase. 

The PGR process is useful not only for producing large amounts of one spx^iSc 
. _:_ nucldc add sequence;, but. alsb^^^te^ 

spedfic nucleic acid sequence located ori^^'l^ . 
10 - When one desires to produce™ than one specific nyclcic add sequence in rcR; the- ^ 
^ ' : :' 

idiffcrcni specific nucleic add scqucd^^^ jproduccd,; four prirners; can be utilized: 

two for each specific ^n 

\-v' ' The" specific nucleic acid sequcnce^^^ be only a fraction of a 

15 ; lai-gcr nrolecu^ 

• , sequence amjpl ificd constitutes the ^ nucleic add. In addidoni the sequence ampiificd 
^ by rcR can be; present initially 

mixture, such as a ponion b 
. cbnsriiutes only a very minor fraction of a bidloigical sample; The nudeioa^^^ or 

20 : acids to be amplified may pbtmned from pla3m as pBR322, frorn d 

or RNA, or froni natural DNA; or R^ 
higher organisms such as plants or animaJs. DN 

tissue material: such as chpribnic villi or amniotic cells by a variety of tcchrtiques, iricludiing 

the well known technique of protcol^ 
25 prcparationpf nucleic acid for restriction cnz>^ In.addition* suitable nucleic. 

add preparation tcchniquelaie descrit^^ Molc^rtily ClQniPS; A \ 

Laboratory Manual (Nevv York, Gold Spring Harbor Laboratory^ 1982),;pp. 280-28 1; 

U.S: Patent Nos. 4 j58 / 

Biotechnolog y 3: lOOS- 1 01 2- 
30 Any spedfic nucleic add sequence can be produced by the PGR process. It is only 

necessary that a siifficient niimber of bases ?.t poih cnds*of the sequence be known in 

sufficient detail so that two oligonucleotide primers can be prepared which will hybridize to 
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different strands of the desired sequence at relative positions along the sequence such that 
ian extension product synih^3M?d from bne prinicr.^ w^^ it is separated from its template 
(cotnplennent), can scrvc as a terri^ iheqihcrprmer. lnc greater the 

: kjio>vi6dgp about the b^s at both pnds of the sequence, the greater can be the ^ecificity 
of the primers for the t^u-gct nucleic acid 'sc^ thc^rcater the probability that 

the process wiU specificaUy amplify the target 

■ The specific amplified nucleic acid^^^ by PCR is prbducxd from a 

nucleic acid containing thats;^upnce and called a template or * Wgct.*t If tlic target nucleic 
acid contains two strands, the; str^ds are separated before they used as templates; cither 
in a separate step or siniultancously 

TTiis; strand Sep can b^ acp including 

physicaiy CheniicaK or en method of scparanrig U^^^^ nucleic 

acid Strands involves h(^idng>hd^^^^^^^ unti! it is cpraplefeiy (>99%> d^ 

Typical heat denaturanbri involves ^ 105°C fo^ 

; ranging fippm aboiit V second tO;lO j^^ separation may also b<5 induced by a , 

helicasc enzyme, or an enzyme capable of exhibiting heHca^c activity, e.g i the enzyme 
^RccA, which has hebcase activity a is known to dbnatiOT 

DNA.: The reaction conditions suitable for separating the strands of nucleic Jacids with 
helicases are descrit^din 
2flLJQl :T)NA: Repiicarion ajid 

,L^l>oratob^;i978), B,^^^ and techtiiques for using 

RecX are reviewed in Raddihe: 1 982. Ann. Rev, Generics 1 6:405-437: \ ^ 
' .■\;:^[;\:^'Whcn the cprnplOTcnteiy strand^ nucleic acid or acids are seps^ whether 
the niiclejc acid wa$ brijgihajly^ sirigle strailded, the sir^ used as 

a template for the synthesis of ddiditiph^^ acid strands. The amp^ 

generally conduacd in a buff^^ at a pH of T to 9 (a^ pH ~ 

values herein are at room, tcnripdratUTTc) mb^ about pH 8. Preferably /a molar 

excess (for cloned nucleic a6idv usually about IC^ prirriertempiaie, arid for genomic 
nucleic acid, usually about 1 primcntcmplatc) of the two oligonaclebtide primers is 
added to the buffer containing the separated tcmpla^^^^^ amount of 

cbniplcmentary strand may not be knov/n; however, in many applicatidns. so that the 
anx)unt of primer relative to the iamount of complementary strand may not be determinable 
with certainly. 
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The deoxyribonucleosidc triphosphates dATP. dCTP. dGTP, and dTTP are also 
added to the PGR mixiure in adequate amounts^ and the resulting solution is heated to about : 
9&-ipO°Cf6raboiit 1 to 

acid fonns iecoridary. structure; the nucleotide 7-deaza-2 -dcoxyg^anosinc^^ 
is also employed, as is Icnovyn in the art* to avoid ihc potential probteiris isuch secondary 
5 structure can cause; After hearing, the solution is allowed to cool t6 fboni tcrnpcranirc. 

preferred fw primer hybridization,: To the cooled mixture is added a poiymerizaitioh agent, 
: arid the polymcrizati^^ reaction is conducted under coridirions khoWh m the art. This' 
V synthesis reaction may occur at temperatures primarily defi^^ 
: Thus;^ 

10 , ; / maximum temperature for pblymcrizarion is generally hp greater than about 46°G Most 

' cQnyenientlyi^^t^ £qU polymerase CK:curs at rcomtem^ For mbs.i 

, applications, however, the thermostable crizyrhe Taq pol>Tncnisc is empioyied at much 

' 'v higher tenipera^tiires; typicaH^ '50 i6'70'Cv-'- '-^'/'^v^ '■'•V- ''" ''--i-'- .'^ 

A r y^^V fbrPCR may be any compound or system, 

1 5 -r including enz^^ fiinctipn to accoiinpiish the synthesis of prifndr extension' 

products froni nuclw^^ 

■ 

^ DNA polymerase, oih^ DNA polymerases, reverse b^nscn^ta^^ in the first, 

cycle of PGR if the target is RNA)rand other enzymes, including heat-stable enzymes such 
20 as T^ |X)lymerase; wbich^ w combination of the nucleotides in the pirbper 

/ mahnq^ to form the primer extension products which 2uc complemciiia^ nucleic" 
acid strand; Generally, synthesis will be initiated at the 3' end of each prinier surid proceed 
v l : in the 5* direction along the template strand^ until synthesis. temiinates/ T^^ be 

agents; however, which initiate synthesis at the 5- end and proceed ih the other direction, 
25 = anjd there scims ho reason such agents could not also be used as polymerization agents in 
\ ' " ■■ pCr.-',''.': : ] '. : . " . ;* '// , ^ ' - ' ' ' -''^ • ' ' ' , ' \ /' ' ' ■ : -'^ ■ 

r The newly synthesized strand in PGR is baie paired to a complerrientary nucleic 
acicl strand to form a double-sti^ded molecule/^ in turn is used in the succeeding 
steps of the; PGR process. In the next step, the strands of the double-stranded molecule are 
30 separated to provide single-stranded nx>lcculcs on which new nu 

, Additional polyrncrization agent, nucleotides, and primers may be added if necessary for 
the reactipn to proceed. The PGR steps of strand separation and extension product . 
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synthesis can be repeated as often as needed to produce the dcsiripd quantity of the specific 
■ nucleic add •scqucncc:_;^.v>>0:--;-'\^-i^^ .•: .'^V .v'.-^'-' o.;-... -y. .\ 

;V \As noted above, PC^^ has rcvoludonizcd the nucleic acid based diagnostics 
industry. Eiiropeari Patent Office F^ibUcatiori 237 ;362, incorporated herein by reference, 
discloses assay rr*cLhbds cnipl^ EP 237,362^ rcR-ainplified DNA is fixed to 

a filter and then treated with a prchybridization solution containing SDS, FicolTv serum 
albumin, and various salts, A specific oligonucleotide probe (of e.g.; 16 to 19 nucleotides) 
is then added and allowed to hybridize. Preferably, the probe is labeled to allow for 
detection of hybridized pnibes/. EP 237.362 a *1icverse*' dot blpW in which 

the probe, instead of the amplified DNA. is fixed to the menabrane, ^ 

has enabled the detection of specific DNA 
■ sequences initially present in only exaimplc, Higuchi 

1988, Naims 232 the characterization of genetic variation between 

individuals based pn sc^ from the 

hair by digestion and extraction then treated under PGR conditions to obtain 
an:plificarion^ Specific nucl^^^ by eithcir fi:agnrienit length ' 

pplynwrphisni Si^uencc-spedfic pUgonucIeotide (SSG) 

probes (a technique also described in Saiki a al-. 1986. UsiJi^i^ 
sequencing via the didTOxy mictho^ ampIificd.pNA rather than cloned DNA). 

Because PGR resiilis in the re^^^^ between two 

primers, insertions and deletions between the primer sequences result in product sequence's 
of different lengths; which can be detected by sizing the product in PCR-FLP. In SSO 
; hybridization, the amplified DNA can be fixed to a nylon filter by UV irradiation in a series 
of "dot blots*^ and. in one variation of the technique^ then allpvyed to hybridize with an 
oligonucleotide probe labeled with HRP under stringent conditions. After excess probe is 
r\tr/?:oved by washing. 3. 3v 5, 5'-tetramcthy^ (TMB) and H2P2 arc added: HRP 

catal>^s H202 oxidation of TM to a blue precipitate, the presence of which indicates 
hybridized probe, U.S. Patent No. 4.789,630. incorporated herein by reference, describes 
protocols and TMB cbmpounds useful for purposes of the prcs<:nt invention. One may 
altcriiatiyciy use one of the^^^ Icuco dyes (such as a red Icuco dye developed by DuPont 
and licensed tp ICpdak) to jhdic:ate the presence of HRP, However, any chromogcn uhat 
develops prcdpitablc color or fiuorcscencc as a cbhsequcnce of pcroxidatic activity can be 
used to dcTCCj IiRPMabcled reagents In fact, any enryrnc can be used to label, so long as 
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there exists a colodcss substrate which fonris a colored or fluorescent prcduci as a result of 
:enz>TOC acriyii/a^ the produa can be capiii^^ support. Separate dot blot 

hybridizaripns aire p^ ; ; 

; Chuith £1 al;;^^^ a 
method for genoiinic !«iuencing whi "compnscs cross-linking restriction enzyme-digested 
genomic DNA fragments to nylon rncmbranes using UV irradiation, arid probing the bound, 

■ fragments; with comparatively long (l{X)-200 bp) PNA probes: Church £i al. also discloses 
that NTPs dried onto nylon membraries and UV irradiated at 0, 16 KJ/m^ for two minutes 
are bound more stably (i.e.; inT = 1 30x, dGTP = 30x1 dCTP = 20x» and dATP = lOx) 
than hon-UV irradiated nucleotides, W amTho groups arc highly reactive with 254 
ri^ light-activated thymine (see Saito et aK, i98k Tetrahedron 22:3265-68X arid this 
reactivity is believcd^ to be'llic mec become covalehtly bound 

•:'.ip;a membrancr>:':;":";Vf:;S -'^ii' .;>:-v.:'...'^ v;;>.;_ v -v;^ 7_ -z^^-^^': ■ • 

_^The detection oiF gcncvic vaiidticns using SSQ probes is rypically F^rformed by first ■ 
deriatxiring and im^^^^ The 

; iT^TTibranc js then treated with shbn (1 5-20 base) bligoriuclciotides under stringent 
hybridization; conditiohs, allowing a^ incases of exact coinplemcritaHty. A 

large number of hybTidiiatibns^m be perfo^ is examined for the 

presence of m^ny different seijiiences. For e;xanipie» a test for the most commbri genetic 
mutations that lead to be^-ihaJasscmia^in M 12 
probes and require 12 scpaxaie hyb^ by probing bhe filter 12 

tinrcs or by conducting simultaneous hybridizations on 12 replicate filter^ (or so - 
cpmbinaiiori thcfeop • A DNArbased.HJUA typing test can require 20 to 50 probes and 
hybridizations, a prohiibitiyc; effon if one^^u^^^ prior an methods that require either 
splitting the sample into as many portions as there are probc^^ blotting the sarnple 
foHowcd by pipbing wiih a and then removing the probe, a process that must 

be jepeatcd for each prob^^^ 

In traditional nucleic acid deiectibn by oligomer hybridization, the DNA in the test 
sample, including ihe hybridizaribn targc;i, is noncovaienUy chemisorbed onto a solid 
support such as nitroceilulosc or nylon and then hybridized to a labeled target-specific 
probe which, except in the SSO methodology just described, usually conrains hundreds to 
thousands of nucleotides and is made bibsynihcticaUy, This method suffers from multiple 
deficiencies. The nqncovalent target capture generally is weak enough that considerable 
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target may be washed from the solid suppbn during dcieciipn (see, for example. Gingeras 
asl*. 1987;Mli^A£^ 

Acids Research 14:9943-9954).: Target chemisorprion reduces thff m^rrivjry nf the target 
sequence toward hybridization with probe.; The captiirc and hybridization processes 
normally take many hours to reach coniplction. llic need to chenlisorb the taj-gct 
5 immediately before detection prevents the irianufactiune of a storage-stable capture reagent 

. with buiitzin tarjgct specificity that can be applied rapidly to test samples: Hie sequence non- 
specificity of capture complicates the examination of a single test sample with more than 
one probe: citheralot of test sample must be available to load different solid supports to 
incubate Nvith the various probes or a lot of dme niust be consunricd in serial probing of a 
: 10 ; singly immobilis^ test sanr^le:^:v ? V 

^^^v ; \ Ranki a al-V 1983; iniiTrbyie on the iradi 

. : 

^sample by nucleic addfhybridizan^ target 
; labclcuj^^sequence-spccific riu probe. However; their tecjknolbgy 

15 stiU suffers frorn multiple dcficitsVjT^ scquen6:e-sp>ccific capture probe is inmobilized by 

chemisorption;^ so that the assay^ desoiption of 

both capture probe ind prpfcc- target complex during the incubations and washes, 
Chcmisorption reduces pipbc reactiyity. requiring long incubation times to maximize 
capture efficiency. T>yp^n^^^ acid probes must be manufactured instead of one. ~Thc 
2 0 1 V captiLirc and detection probes of Ranki si al-: are so large th at Uiey must be prepared by 
bipsynihetic instead of much cheaper chenTacal synthetic routes. A snriall capture probe 
: would not be inimobilized efficiently by^ 

. Gingeras a il.* 1^ improve furth<s:r on DNA probe technology by 

covalenily attaching relatively shpn, ch^^^ hybridization 
25 - probes to. a solid supp^ 

coupling of ihc t^ct^spccific s^^ 
steric occlusion by the supi^ori.^F 

detecting captured DI^JA apan from the incorporation of raxiioactive label into the target, a 
procedure which is relatively hazardous; and inco^^ the beaded solid 

30 support of Gingeras £i al. is hard to adapt tp^a^^ which multiple targets arc probed, 

•because the test sample must be^ expeiid to separate c^^ of beads carry ing the 

differem probes^ talcing care TX>t to 
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Gampcr £l al.. supra , describe a different strategy to accelerate oiigonier 
hybridizadon: oUSQ hybn is pcrfonncd in solution rather ihah^ a solid support, _ 

the hybrid species teing simultaneousl^^^^ 

specific oligooKtr has been chemicaUy nxxiificd wiiii a nK)icty /which crbss^^^ 
stranded DNA when iif acliated. However, apart from the expcsnsc pf creating the photo- 
adduci labcUng reagent, this ni^ the inconvenience m with 

ultrafiltration to rcnk>ve the considerable excess of unrcacted piiobc, foUow«J by ^el 
electrophoresis to purify the hybridization product to the point cah^ be identified. This 
procedure would be paniculary inconvenient to adapt to simultaneous probing of i^iulriplc 
targets, because of the need to engineer targets to bei elecirophoredcally resolvable. 

The present inycntidnj^ 
penniis the simultaneous honisotopic deiecrioh of two or niorc spec acid 
sequences or control conditions in a singlc test sarnpie^ using a' sing^^^^^^ divided 
into discrete regions to/wwich diffe^^^ blijfjchuciebtidc probes Iiayb lxtr:^^^^ 
■attached-via. spacer arTns.--TTi6^meihod .:■ 
(a) attaching.the probes to d 
; spacCT^ 
. the support;/ •■k:''^V''-^------ 'V'^ ^-^ ."V 

reacting the test sample >yiih the ptobc-bcaring solid support; iander 
conditions promoting hybridizatio ainy single- 

straridc4 v'ompIe:rTientau^ in the test sarriple; 

washing away any nucleic acid hot hybridizcil to probe; and ; 
detecdng the prolxi'capt^ 
J ■ nonisoibpicaH ■■w-r-r'''':\^-i^^ •.. 

B«:ause of the permanence of eovalerit attachnrieriti the prcparadon of imniob^ probes 
can be separated in time fronl their use? pernutting rn^ufact^ a storagc-:stablc detection 
reagent, the hybridizaripn capture support, which can be used rapidly to detect target 
nucleic acid sequences in test samples on demand, Covalcnt probe attachment and the use 
of a spacer arm between suppon and pnDbe greatly accelerate and imprd the efficiency of 
hybridization. The use of a dimensiohally stable solid support, with di^ for 
different probes greatly improves Uic economics, simplifies jOic. physical format, and 
increases the rcliabiUty of hyhridizatiori and detectign' because iJl target sequences in a 
simple test sample and aJJ coniroV conditions can be probed sirhultanebusly in a single shon 
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■ incubation and because all prp^-iargei hybrids arc exposal to identical Licubanon, wash, 
and detection pondiijohsv/ coloitid or fluorcsccni labels 

; dircctiy attached to the target nucleic acid or via colored/ fluoieisccnt, or citzyrhe labels 
indirectly atmched to ihc target nu acid ihrpugji a specific; 'binding rcactioh, is much 
s^ more convenient than detection of radioactive atoms attached to the target nucleic 
acid, especi ally V\y hen developing storage-stable detection reagents and assay kits 

pbgonuclTOtide probes covalenily attached to discrete regions of a solid support via spacer 
arms, which probes have scfl designed, to hyteidize tq: different analytc nucleic acids 

in the test sample pr to indicate different (positive or negative) control conditions which test 

. the yaUdity of th ^11 have sighifiqantcommc^^ 

iinp^ct, being, ideally suited to large-scale, autonriatedi mahufacturihg processes and having 

: Aj^ng shelf lif^^ ^v^^^. 

3?^^"^"^^^ 5xcc€X«$ ihe^n limber of samples tested; In'gen^^ ih^ ^ater riu mber 
; of target s^^^ prpbi^, ihe^ati^ im^iX)VcriKhi:of the 

invention oyer whaf has gone befo^ can 
easily be assayed ft^^ on a singlc splid supixjrt. The ' 

npriisotopic detection aspect ophc inyention is especial.ly'W 

: generated by P(:r, a process which permits covalent attachnierit to all target rpplccules of 
coloi^ ornuoresGcnt dyes arid of binding moieties Uke bioori/bf colored or nuorcsccni 
and Of binding s 

mctlif^^^ and reagents of the invention. arc also suited to detection of isotbpically labeled 
nucleic acid, althougji thi^^ 

: ; An impOTtant aspect tht inyention relates to aj^x^dficbhcmistiy for attaching 
bUgonucleoridc prob^ to a solid support in a way which.is especiaUy suitable to large-scale 
manuf^ which penruts maximization of probe retcritioh and hybridization 

efficiency. This chenrustry comprises covalent attachmcnl of a polynucleotide (preferably 
pc^ly-dT) tail to th^ probe and fixation by the ultraviolet irradiation of the phoiorcactive 
tailed probe to a soHd suppont bearing primary or secondary amines (e.g., a nylon 
membrane). Kowyjyer, iJie invention provides numerous alternative, non-phoiochemical 
-ways to attach probe to support.; wherein electrophUic reagents are pscd to couple the probe 
to lb.c spacer and the spacer (O the solid support in cither reaction order, and wherein the 
spacer can be any of abrge yrjiety of organic polymcre or long-chain compounds. 
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: Another aspeciofihe invention rel^^ 
comprises the stable assay reagent, essentially a solid supppn haying oligonucleotide 
probes coyalcntly bound ^ a spacer aim. The kit can also include PCR reagents, 

including PCR prinncrs fleeted for amplifi^ra^^ capable of hybridizing ~ 

>vit^ : 
5 ~riTo;aid in;undcn;tanding andd^^ 

. •; defined bclow:<-:i .:• .• .• • - \ . 

"Ailelc-specific oligonucleotide'' (ASO) refers to a probe that can be used to : 
distihguisfi a givcn allclic variant fronl all; other alleUc variants of a p^^ allele by 

' ■ ^ h 

10;: - - "DNA polymdrphisni'' rcf^ 

variations;of a riu^ same ihtertTreeci^ popujation^^^ 

. ^'Gene^^^^ muiatiohs in the genoniic DNA 

of an brganisni that a^^^^^ siatcand include- fickle ceU>h cy5,uc 

fibrosis, aipha-ihalasser^ 
15 "L^berVitfcts to amy atoni p molecule which can be used to provide a detectable 

(prcifcrably qu5j^ signal and which can be attached to a nucleic acid or protein. 

Labels may provide sign^ deV<^tablc by fluprcsccnce, radioactivity^ 

diffraction or absprpnon, rh^ 

include fluorophbres, chrpmpphprcsv radioactiyc atoms (particularly 32p arid i^I), electron- 
20 denis^ resigenis, eriz>^ arid jigands haying specific binding partners. Enzymes arb 

typically detected by theiir„ activity . For example, HRP can be detected by its ability to 
convert diarhihobenzidinc (more preferably, however, TMB is iiscd) to a blue pigment^ 
quantifiable with a spectrbphptpniete:^ It should be understood that the above descripuon 
is not nicarit to categbriz^^ 
25 serve in several different label or as 

an elcccron^densc reagent. HRP may serve as enzyme or as. antigen for an-anribody, such 
as a monpclbrial antibody (MAb). Funher> otc may combine vario?js labels for desired 
effect For example, MAbs and avidin can be labeled and used in the practice oi this 
invention. One mightlabci a probe with biotin, and detect its presence with avidin labeled 
30 with 1251 or with an aritibiolin MAb labeled with HRP. AJtemativcly; one may employ a 

labeled MAb to dsDNA (or hybridized P.N A) and thus dirccdy detect the presence of 
hybridization without labeling the nucleic acids. Other permutations and possibilities will 
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be readily apparent to those of ordinary sJdll in the art and arc considered within the scope 
of the instant in vchvion/^^^^;^ - ; 

•*OIigonuclcptideV refers to primers, probes, oligonier fragment, oligomer 
controls, and unlabeled blocking oligomers and is a molecule corpprised of at least two or 
more deoxyrilx)nucIeoti.dcs_or ribbniiclcorides. An oligonucleotide can also contain 
nucleotide analogues, such as phosphorothioates and alkyl phosphbnaies. and deriyarizcd • 
- (LCm labeled) nucleotides.^^^;^^^T^ exact size of an oUgonucleotidc will depend on many 
factors, which in turn depend :pn the ultimate fu^ 

"Primer" refers to an oligonucleotide, wheUier occurring natiifaily or produced 
s^thctically, whiph is capaj^le^^ 

• :^nder conditions in; wh^^ a prinicr extension product comiplementaiy to a 

nycleic acid: strand: can^^ primer iis preferably an oUgodeok>«boriucIeo and is 

^ smgle stranded for jriajcitriurr <^f^ in ampim cation, but may al tern 

. scrajided. If d^ primer isTirst tfc^ to separate its strands before being : 

: used tp prepare extension producis.^ suffidehtly long to prir^ . 

synthesis of cxtcrision of the Volymera^ the exact length of a 

• Pr™^r^V<^cpcnd OT 
oUgonucleotide primer typically contains 15 tp25 nucleotides: Shon priiri 
generally require cooler temperatures to fonn sufficiently suble hybrid comp^^ 
template. Suitable pnmer? f by means kjiowri io^^^^ of 
ordinary skill in ihe:m; for ^e^^^^^^^^ 
direct chemical synihcsis. and pur^ from a commercial suppHcr;^^^^^^ for 
primer synthesis irid^^ described in Nararig^^ 

; Mfilil^ Er\zyn]Ql ^&:9p eik(i^h No;;4,356.270; the phospHo^^ niethod V _ 

^disclosed ir? Brown 

: mcihbd disclosed in;Beaucage;^5^^^ 1981, Icflah^^ and thc solid 

suppon method disclpscd'^m^ Patent No. 4,458,066. Thd priiiicr^ may also b^ 
labeled, if desired; 

"Restriction fragrnen t length polymorphism" (RFLP) refers to a DNA 
polynrorphismat a resiricDo^^^^ site. The restriction enzyme spcdfic for 

the pplymorphic site can bc usc^ to digest sample DNA, and when the digested DNA is 
fi^rionated by el<xtrophbresis and, if necessary, treated for iasualizatibn; different samples 



• produce; different Tcsm endonucleasc panems, depending on the pardcular 
. pplymorphic s^uence present in the sample. ■ 

; V/^^^ hylnidizaiipn" refcre to;s^ 

• exact between ppbc^ a^^^ target sequence is required for 
'■.:<:.if/ hybridiMtion to pcc^^^^^^ Such conditions arc re by tfiose of brdiriary skill in 

, 5 ; : thfe art^^a^ depend upon the length ancl. base composition of the probe. In gbnw^, one may 
vary the; temperature, pH. ionic strehgth|and concentrati of chaocrbpic agcnt(s) iri the 
/ \ hybridization solution to obuin cxjnditioins under which substantially no probes will 
-rC/. hybricUzc in the absence of an "exact rnatch." For hybridization bif probes to bound DNA, 
t|ic empirical formula for csnmarini^ optimum lenipefaturc under (0.9 M 

• + Nc):4, 2(NAJf Nt) r 5^G;NyKci^c N^^ and N;care the 

: : nun?.t>^ 

V ; / Tli6sa of skill ih the art recognize, however; that this: calculation 

■ ::S : "^^M for ppiiHiurn tex^ which >Hquld then bt o : 

empiqcally tested to'ob^^^^ in a seqiience- 

lA V ; ? spedfie hy is call^ av"seiiu 

' ' ^^^^^^^ J" tiie it recogTiize:that fc^a 

^ ; V ^sihgl^-rmsm?^^ probe arKi;targct to be 

probe must b^ short/gcnerally no longer than aboiit 23 bdses, and usually about 

: 17 to 23 bases in length'. . . -'.V'V'*;';v^^;"-":.:": ' • "' . ■■ 

20 

- with high specificity, as for example in the case of an antigen and an antibbdy br MAb ' 
specific therefor,. Qther specific binding partners include biotin and avidin ■ strepiavidin, or 
•' ; ;^ an^ amilxxiy; IgG ahd protein A; and the numerous reccptor-ligari^^ 

":VknQwain'the'art.-Vv;,-* ■yry'r.r\. ^j-.-- '-'y^^-- '^-^^^ v'-' 

25 ; : in understanding the invention, several Figures accompany the des<^ptibn of 

the myention. These Figures are briefly described below. " 
Figure 1 depicts a plot of probe binding as a function of U V exposure. 
Figure 2 depicts a plot of hybridization efficiency asa function of UV exposure. 
Figure 3 depicts a smcs of dot blots dernohsiratm^^ 
30 bem-globin or sickle cell beta-giobin; ob^ 

Figure 4 depicts a series of dot bloris dcrnonstrating the presence of either nonnal • 
b^ta-globin or sickle cell be ia-gl6bin\ oW^ 
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; Rgure 5 . depicts a scries of dot blots denwnstratirig HLA DQalpha genotypijig. 
^ Rgure 6 dcpi^ scries of dot blots denKinstra^ typing, - 

\ ^Thc present invention provides a rneihod for detecting the presence of a ispccific ' 
. nijclcodde sequence in a sainple by contacting the sample with im^ oligpnuclcotide 
probes iindCT conditions that all 

sequences.- In oric embodiment of the rncthpd, the test sample is contacted with a solid 
support upon; which are immobilized probes specific for one or nrore target sequences (the 
"anaIytc")rprob6s for a positive cbntrbl sequence that should be present in all test samples, 
and pptiondly pro 5c present in any test- 

s^^Je^ -r- ca^^^^ region oh thd solid support. If an- 

~: analytical s^ ilie ncgatrvec^^ or if hd analytical sigrial is 

cont?r6lre^ thb rcspk^sc in the arialyte region 

is suspect, aj^^ sHuuW be rcics?^., !n ■ e^^^ bmbodimehty a number / 

of d^ffi^n^^^ r : 

•^tjpppn; sdth^ given gerletie lbiui 

hybricUza^ thd various Malyte-specific;^^ 

probes aie cq^p^^^ nucleotide sdque^ present iri various microorgaiiisms. 

: TJ^<^.| importzuit aspect of the probes 

coiTipiisc two p of about 10 to 

50 nucleo^dcs (nt)^d a spacer arm, at least as long as the hybridizing region, which \i 
covalenUy attaeh^^^^^ acts as a ''spacer", allowing th^^ 

hybridizing regib^^ the solid support^ thereby improving 

the hybridizaition;efricienc^^ probe. ^ In i preferred emb<^ the spacer arm is a 
sequCTW of h^ci;eotid« to the solid 

suppon via coyalcint to^ of the probe and reactive 

groups wthi 

As descril>^ the irrmiobilized proh^s of d^^^^^ avoid the 

problcrns ihheren prior art detection nicthods with ininnobiUzed pn^ These problems 
include a lacl^ pf scns^^ for in^mpbilizihg probes actiialiy 

result ill the hybridizing region of the probe becoming artached to the soUd suppon and thus 
l^ss firec to hybric^ sequences in the sainnplcJ I^^^^ addition^ the prior art ' 

nicLhods for synthesizing and attaching the spacer to ihc probe and to the solid suppon arc 
cornplicatpd, tinie-cpT^^ expensive, and often involve the use of toxic reagents. In 
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: marked contrast a preferi^ mbihod 

probes is quickly completed with rekdily availablc^rclad^ nontoxic, itagcnis, and with 
pracricaJly no chcrrucal manipulations;^ polynucleotide tails of the invention are 
composed of nucleotides that are attached to the hybridizing region with an ehryme or with 
the aid of conimcrcially available nucleic acid synthesizers. The tails of ihc invention are 
- 5 attached to the solid suppoit by a sinrul^^^ exposure to-ultraviolet 

■■ '■■(UV) light, ' -/'-^^''^^-i \' ' 

V Those of skiU in thd aui recognize that nuclcic"^^ 
for a number of imponaht techniques in the medical diagnostics and forensics industries. 
In addidonv nucleic acid hybridizatiqh serves; as an important tool in the laboratories where 
10 . scientific advances imnany diverse fields occur. The present invention represents an 
important step in making nucleic acid based d more pbwe^ 

As noted above, PCR has played an imponaht role in these same ihdustrics and 
- laboratories, and the pre 
- : nucleic acid has been amplifi^ by ^R.^^^^^-V useful cmbbdimcnts of the present 
15 invention are.described below, but the full scop.*, of the invention can only be real 

understood and utilized by the various and diverse practitioners of nucleic acid based 
■diagnostics.-.'.-.. ■ ^ ' 

One very important usie of the present invention relates to the detection and 
, :Characterizatlon of specific nucleic acid sequences assoa 

20 genetic disorders, and ce!^u^a^ disorders, inciudin^^^ In these embpdirncnts of the 

invention, amplification of the target sequence is again useful, especially when the amount 
of nucleic acid available for; analysis is very small, as, for example, in the prenatal 

using DNA obtained from fetal cells. Amplification is 
particulariy useful if such an analysis is to be done on a small sample using non-radioactive 
25 detection techniques Nvhich may be inhcrendy insensitive, or whcr^^^ 

" ~ arc being employed biir where rapid detection is desirable. 

The iiTunobiUzcuj probes provided by the pr 
detecting infectious diseases and pathological abnomrialities but also are useful in detecting 
DNA polyirorphisms npi neceissarily associated with a pathological state. The term 
3Q forensic is most often used in a context pertaining to legal argument or debatc/^^ 

identification on the basis of DNA type ; ; playing an ever more important role in the law. 
For example, DNA typing can be used in the ideniificaripn of biological fathers and so 
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serves as an imponant t(X)I for paiOT^ 

biological evidcncc lcfi at the scene of a crime with biological sainplesiDbtained ftpm an 
indiyidiial suspected of comm In a similar fashioh^ DNA^^^^ 

used to identify biological rcniaihs,: whether those rcnoains arc a result of r? crime or some ; 
, npn-criminal activity. The practice of forensic medicine now routinely involves the use of 

5 , ..^^^ 

invention;'' ; -/yC-''-.- •■ :.\ J'/- ■' ■ 

T^^ 

first synthesize the probes to be immobilized on a solid support, probe sequence can 
be synthesized in the same rtianner as any oHgonucleotjde, and a varieiy of suitable 
:i6 : synthetic m 

^; region of the probes of the inycniibn js iypicaUy ab^ Icngih. and more often ^ 

P ^" lengthy but the; exac! length of the hybridizing region will 6 

: on ih^ is used; Often, for reasons ap^^ to those of skill in 

/ -^'^^^'^^'^^^^y^^^^^ to possess exact ; ; 

15 ; complementarity with the target scxiucnce lb be delected, but oncc*agaih; the degree of 
. complenien;arity l>^^^ 

The probes of the invention are, how^^^ 
sequcnce^t^ 

invention/" ' "6.."!' 
2b ^i Jhis lail pf i^ 

deoxyribonucleotides (e.g., dT, dC, dG, and dA), The nucleotides of the tail can be 

attached^^ 

'Oy'r--;:-- (Tdl) by s In addition, the entire tailed probe can be synthesized by 

- ch^ using a ccnTmerdally available 

" 25 : hybridizing regions separatel^^ 

-combine the two components. For in 

; even attached to a solid suppon, such as a bead) and then attached to a preparation of 
hybridizing regions. 

When using a DNA synthesizer to niakc the tailed probes of the invention, one 
30 shpu]d take steps to avoid m 

premature chain icTminarion e^^^^ 

involves synthesizing the hybridizing region of ihc probe first, creating a tailed probe with 
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the hybridizing region at the 3- end of ihc moleajlc. Betaus^ the likelihood of a premature 
chain tcnninaqon event the length of the mbleculc; this' sicp increascs4he. 

UkcUhpod diat if a chain iCTpinaiion e^^^ 
■ laiL However, because m^^^ preniaturc7:hairi tcim cvents Wp a of a failure to 

"d^-t)l(xkV dunng synt^ in the tail of a probe 

5 of the invcnddn is not cridcaj; one ma the blocking and de-blocking steps 

during automated^ tail region of the probed If these susp^^^ omitted 

(during tail synthesis only), the tail can {^ placed on either the 5' or 3* end of the probe 
'with equal ^ 
As noted aboye^ spaceranns of thep^ arc V .:. 

10 , : : ccnipris^ the solidj:/ 

supppn, the relknve^ with a solid 

. support is importahi chcxDsing t^^ sbrye^ the tail in the probes of the ^ : 

^ invehdpn.; Mos; often,: the lail: will 'be a hbn^iaj>oIyriieiv i^^^ Figure >lv beiow, dep 
relative eiffidendes Avith^\^ 
15 : homopolymeriails^y^^ bmaridip a a fuhcruon of U V exposure;^ 

: . : . As shown in the wot rrorc re^^ 

_ "^cnjbranc, and a^^ 

; 240niJ/tm2pfirra^ 

required more inadiatioh to crossli to the ■ 

-20 . cquiv^ent poly-dT after 6{X)niF/cm2^^^ vvere 

retained by the filter ^ manner roughly paiallel to that of the j^^^ 
Thvs. the prpbes 

10 thyiTiidine 1^ f residues, and rhpst 

pnrfcrably, the uii wilV functions 

25 : primarily to bjnd i^ pro^ support, the; exact hito / 

critical, as np:cd above, -^ihbugh t^ the f^ct, it 

should be noted that the cbrnposition of the .tail need riot be homogeneous, i.e.v a mixture 
of nucleotides may be us^ F^efera howcyfer- the lail wUl include a significant number 
of thymine bases; as T reacts most readily with the solid support by the preferred methods 

30 for making the inimobiU probes of the invention/which mcUiods are discu more 

fully belPw. If one desires to utilize the probes in sequence-specific hybridizations, one 
must be aware of the problem caused by creation of a random sequence in the 
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hci^rogenTOus tail th^a^^ closely rescmbies the hybridizirig region of a prpbc. If a 
; . heterogeneous tail i^^^^^^ 

pynmicUne residues per t if" the probes to be fixc^ tb a solid support by UV 
irradiation. ' : 

^ ; tail shoujd always be larger thaxi thb.hybridiziiig regibh^ arid the greater the 
dii^aiity in sizc bctvecn the hybridiring rc^ the tail (so long as the tij is large the 
more likely it is that the tail.^^^ra^^ 
: f J^^fcrred condi^ 

; / ? as a "sTjacer/V enabling the complemcntaiy sequence tb diffuse away frbirt the 

^° - ,^^^^PP°^ whw it may hybridize more easily, free bf stericintd-actioris. larger tails are 

f Pf^ if carried 

;^^.■r■':^^;^i>;:i^|^?;C''^rcme,;■excM i '^::i,:-:'.iCy::r^ '^^^^^ 

siTithesizwi^h a Dl^iynthesizcr (the>^o^^^ is : 

15 suitable for this pi]ipose) y/ith beta-cyanbethyl N. N-diisopropyl phosphoramidite 

. ; "•?fr|^'des (ayaiIabl<^fTpm^ 

1^ ficsircd; hbwcycri only the hybridizirig h-gibri^o 
on the instrunient, and then 2pOpmol of the probe are tailed jn 100^1 of reaction buffer at 
pH = 7:6 ajici coritaining 100 mM c^codylate. 25 mM fris-basc^^ 0.2 mM 

20 . '^'h'9^j^"o^w|^J^^^ 

pmp!) of terrTunaJdcoxj^boniJclr^^ Ratliff Biochemicals)_ 

V^''^^^.^^^ ^* 37 degrees G (see: Roydhoudhiiry 

25 nirclTOiide) prc5cnt in the rc^ptipn niixture ^j- 
residues is obtain^ by using ^^^^^^^^ 

Once the tailed probe of th<j invention is synthesized, the probe is then attached to a 
solid support. Suitable solid supports for purposes of the present invention will contain (or 
can be treated to contain) free reactive primary or secondary amino groups capable of 

30 binding a UV-activated pyrimidine. especially ihyniiric. Secondary arnino groups may be 

preferred for purposes of the present invention! There are many ways to assure that a 
solid support (not n^ssaniy nylon) has free, paniculaily sccbridary. amino groups. 
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Amine-bearing solid suppons suitable for purposes of the preseni invention ihclude 
polyeihylcnimine (chcmisorbed to any solid, such as ceUiilpse pr siUca without 
: giuiarialdphydc crosslinidng) and silica or alumina or glass silaiiiicd with ami^e-bearirig 
^reagents such as PGR Inc/s ProsilTM 226;22l/^ 3202 reagents. I Kianvillc sells 

^ controlled porosity glass papers (Biomat™) appropriate for One 
r inay alleviate immo prirnary aniincs (e.g. with a methyl halide or with formaldehyde 
plus cyanoborphydride; (as dcscri l979i l. BMy£hsmi 

4365). As noted above,- one may use a solid support to which polyethylenirnihc has been 
i i cheniisprbod, ; Polyvinyl chloride sheets containing PEl-loadcd silica arc cori^ 
availaWe (manufaaured^^ 
10 ; as Poll/SepT^1);;a^^ _ 
T^^ solid supppn, also ca^ 
> : including mcrn^ra^ dipsticks^ bcadsl ELIS A-forn^ i^lates; and the 

' liJce. Aprcfe^ groups 

: siippbris include 

15 ^ /^^^^ 

: d^c Zetal^beiTM memfc 
Having chosen^^^^^ 
probes of the iny^ 

under conditions that favor covalent attachment of the tail to the solid suppp^^^^^ In a 
20 preferred embodimera,:?he solid suppdn is a mcmbrkne; and probe binding results from 
exposure'of the probe PA irradiarioni which 

. in the tail, and the activated nucleotides react with free aniino gtpups within the membrane 
Careful dcssicai^^ 

' can also be used to faciH^te c^ of the probes to the substrates One can 

25 assay for the presence or absence in a solid support matrix of reacriyc groups capable of 
reacting with bligon^^^^ 

As is apparent from the foregoing, a preferred meth 
immobilized probes of the invenrion comprises fixing an oUgonucleotide probe with a poly- 
dT tail to a nylon membrane by UV irradiation. Although poly dT tails react very 

3Q ^^^*^"^y 

of oligonucleotides with a membrane does not necessarily correlate with hybridization 
efficiency; One may therefore wish id determine the hybridization;efficiency of a given 
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oligonuclTOOde probe after immobilization on a solid suppon. When the hybridization of 
: ; various tailed probes is measured as a function of UV dosage, as shovCoviri Figti^ 2, one 
V ,01^%'^ pjat theopt^ length oraix)Iy-dTtaij; C^^ 

exposures are about 20 mJ/cm2 fdr 800 nt poly-dT tails and Kbout 40 &/cm^ for 400 nt 

pcJy-crr, tails. ■ ■''■."^j.:,:'- - ^ ',. f''^':-'- \ ' ' 'S'^t-''--^ 

'Ai'60rtnJ/cni2 exposure, one observes that oligonucleotides with longer tails 
hybridize more efficiently than can be accounted for by the additional amounts of pit»be 
rcaaed vyith and bound to the fiJter. This increased efficiency is believed to be due to a 
- spacing effect- increasing the distance between the membrane and the hybridizing region of 
the immobilized proi?e may increase hy ^widization efficiency of the probe. Thus, too much 
UV exposure during immobilizaridn cannot only damage the nucleotides in the probe but 
also can reduce the average spacer length and decrease hybridization efficiency!; It is 
important to note that because dG tails react less cfficicnily (as compared to dT tails) with a 
membrane, hybridizaron efficiency of a poly-dC tailed pjtjbe reaches a plaieaii v/here loss 
due to Uy damage and tail shbnening |s compensated for by the fixing of new molecules 
; to the mcrnbrane (sec Figures 1 and 2). This characteristic of poly-dC tails may make such 
tails prefened when UV exposure cannot be carc^ 

No matter what the base cpn tent of the tail of the probe, one may autbniate the 
attachment of probe to support in accordance wixh the method of the present invention. 
One semi-automated means of attachment preferred for positive charge nylon membranes is 
20 as follows. A comnKrcially available "doL-blof apparatus can be rcadUy modified to fit 
into a Pb-Idn-ElmcT/Getus Pro/Pette® automated pipetting station; the mcmbiane is then 
/ placed on top of the dot-blot apparatus and vacuum applied. The membrane dimples under 
- the vacuum so diai a smalj volume (5 to 20 nl)x>fpfDbc applied forms a consistent dot v^ith 

edges defined by th<? diameter of the dimple. No disassenibly of the apparatus is required 
25 tp place and replace the membrane - the vacuum may be kept constant while membranes 
are appHcd. spotted with probe, and removed. - 

Once the probes are sponcd onto the membrane, the spotted membrane is treated to 
immobilize the probes. A preferred method for covalenUy attaching the probes to a nylon 
membrane is as follows. Tailed oligonucleotides in TE buffer (lO mM Tris-HCl. pH = 
30 8.0, and 0.1 mM EDTA) are applied to a Gcnetrans-45~ (Fiasco) membrane with a 

BioDot™ (Bio-Rad) spotting manifcld. The damp membranes, also called "filters." are 
then placed on paper pads soaked with TE buffer, the pads and filters are then placed in a 



15 



wo 89/11548 



21 



PCT/US89/02170 



Uy light bpx (the Stratalinker 1 80Qmiight bd;^ m is suitabic for this 

: ■ . <^"^I?ed by dine o^^ 

;KBn^mhg the radiant UV cncrgj^Svit^ a rictttd^ Expdsure time i^picaliy ranges 

5 :. jJaiiip during iiradiation, but if Ac support is dried firet, a shbnesir UV iiradikdbn exposure 
usai. The irradiated filters arc washed in i large volume of a solution compbs^^ 
i:^^^^ SSPE »s -1 80 mM l^^Ci.^ ip 

9'^^ sodiuin dodccyl sulfate (SpS) for ab^^^^ 

.l,b_. : . ^roointe^ ' . . 

y:^"-- ':'S^'^^'^i:^^ iiradladon of nucieoddcjs i? Imb to caii^e pyrirrudind photq>ehcnucrd--:^^ 

<fimcn^tion. y/hich, for purposes of llie preisent invehdon. is not prefcired. : A number of 

. '° the mcmbriie;at a high pH^ above 9 aLrid jprcfcrably^^a^ 

' : • ?PP|y*"e the probe to die mcn?Jxan«f at a yei^ low ionic strcngiK; between 6^ Q 01; using 

• longer than 240 nm. ^HoWcver; th^ cxteht to whibh thes^^ 

L prol^ imm^^ has^iot been |ested.;; Ih general, spotting ^d attachinehtpf die probe 

20 ; t^^ be donp at a tenip^ratii^ a sbiverit that iiiinimizc^ b^^^^ 

pairing arid base-stacking in the protfes. ; ■ 
After construe dng the novel iriKmo 
: employ those probes in the useful nucjeib'apidsequ^^^^^^ 
, a prefer^ 

?5 ; . . acid sequence is treated liJidcr condirionis sui^ 
■ .'^^S^°te diart the process of ^'asj^T^ 

1.988, aaS- fM- AsM- Sci. iiM £5;7652-7656. for generation of singl^^ stranded DNA 
j ean also be used to amplify the sample nucleic add^^ PCR primer^ arc biodhyiaied, for 

subsequent detectipn of hybridized; primcr-contaimng s^^ 
30 lection mixture is denatured, unless asymm 

appb'^ to a membrane of thb present invention under cbnditioris suitable for hybridization 

to occur (most often, sequence-specific hybridizadon). Hybridized probe is detected by 
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. binding strcpuvidin-hbrsciai^^^ (SArHRP. available from a w of 

i chemical vendors) to the; biptihylattrf bNA» foUpwed by a simple cplprirnctric reaction in 

substrate suc^ a^TNffi is One can ilicn dcierrmnc vyhether a certain 

; : sequence is present in the sample nicTcly by Icx>king for the appearance of colored dots on 
•■^V^hc mcra.branc; - '■^'■':/■■^';^^-'y■• --y^ -r^ /y^-r^- ■ ■ : . 

5 In an espedally jprefcri^ embodiment of the above methcxi, a filter vvith* - - 

: immobilized bUgonucleotides is placed in hybridization solution contaiiing 5X SSPE, 
: 6.5% SpS, and 100 n^ml^ S^^^^^^ 

Eastman kodak). PGR-arnplificd sampl^^ DNA is denatured by heat or by addition of 
: ; NaOH ajid EDTA and added immc^ sblution; which contains 

10 : : :: enough SSPE tojiey^ite. an)r NaOH preserit^^^^T^^^ is then incubatid at a suitable 

; • ; : temperamrc for hybridis^tio b6low; at 55.dc C for 

^^^^ C^^^^^ 

> ■ V: oUgonucleptidc c^^ SA-HRP lo biotihylated prcducu 

• v> ^ . : - are bri tfic 
ISr-'-'r^^i^^saiTip spljjtion at 55^deg;iT^ then qiucMy iiriscd^ (IX 

r 7,4) 
atrobm i^^ by mcubating the filtt^ 

j^^^ of the filters 

^ aftq^coIor dcVeioiDimeht i^^ 'V \ 

20 Although the dctcaion ^^m^ in the art 

recognize that the imnTObilizcd probes of the invehri can be titilizied in a variety of 
• detection forrnals.- One such forniat; invplves labeling the ininwb^ itself, instead 

_ o^^^ 

. sequence (far fronri^^.^^^^^^^ to tiiel^^^^ treat the 

25 ■ potcn hybndizcrf sa^ DNA with an appropriate restrictiph'crizj^Cr that 
cleaves c^y duplex'nijplq^^^^ 

probe, so that restriction releases the label from tiie pfotR^ (iand the: membrane) for detection 
of hybridization. Sdtabie labels include pcroxid^^^ 

radioactive atoms or nniolecules (e.g^;32P; I25i, ctc^ ligands 
30 for which specific moriclonal antibodies are available, sind tlic like. If the primer or one or 
more of the dNTPs unlisi^^ iri a PQR Simplification has been labeled (for instance, the 
tdotinylaicd dUTP d^^^^ 
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insiead of the immobilized probe, then, 
, assay fbr jprcscncc of label bound to the membrane.: : ; ; ^ 
^^^■^^ : the invendon can also be used in dctecrion fprnoatsin 

which hciihcr probe nor primer is labeled. In such a format^ hybridisuirion can be deijccted 
: using a labeled "s«X)nd probe/* The second prol^ is comipleicncntary to a sequence ^ . 
— 5 occuning wthin the lar - 
hybridization of the second probci the immobii 
; sequence form a nucleic acid "sandwich," the'prcsence of which is indicated by the: 
: preseri probe on the membrane. One could also employ 

-{monoclonal antibodies (or other DNA binding proteins) capable of binding specifically to 
10 V, duplex nucleic acids (cig:, dsDNA) in a dctcqtipn format that^,u^ no labeled nucleic acids. 
; T^^ in^ the art will recogriizc that one imix^nanradvaniage of the immpbilized^^^•^^^^^^^ 

; • probes of the inveniipn is the ability; at least with most deiectiori^^^ 
: , s^ denaturing; the hytedi?^ complex, eluti 

: -r creating the sijpport (for example, by washing, bleaching, etc;) to renioyc any remaining 
15^^;^ / t^ label, developer solution, and imixiobilized dy;c (see p.S:_ Patent 

No. 4,789,630 and PCT appHcarion No. 88/6287vincorpprated herein by Wfei^^ 
■ ^ / the art will recognize the many, and diverse usies for the 

; r immobilized probes of the present invention; One exciting application of these iriiinobilized 
probes is in„conjunct3on with the icchhique of simultaneous amplification of seveinal DNA 
20 ; sequences (**nriultiplcx*' PCR). Such simultaneous amplificanoa^ 
; many different loci with a single membrane. Fot instance, onc e 
V polymorphic Hind lll site in the Ggamma gene (see Jeffreys. 1 979. Cell 1 8rl - 1 0). thie 
polymorphic Avai l site in the low density lipoprotein receptor gene (sec Hobbs £i Mm 
-1987. Nuc . Acids Res , 1 5:379V: and for polymorphisms in: tJic HLA DC^alpha gene:^^^ ; 
25 simuitanebusly by arnplifying all three loci in a single PCR and applying the auiip^^ 
material to a suitable set of imitK>bilized probes p^^ 
: targets whose analysis would be simplified by this lechniqiie include the detection of 
somatic mutations in the las genes, where six loci and ^ possible alleles occur (see 
. Vcrlaan-de Vriesfii^., 1986. Gene 50:313-320): the tvpina of DNA polymorphisms at the 
30 HLA DP locus; the detection of beta-thalassenoia in Middle Eastern populations,; where in 
addition to the endogenous mutations, Mediterranean and Asia^ 
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present at significant frequencies; the detection of infectious pathogens; and the detection of 

■.micrborganisnis in enyiro V - i/ 'X^^ : 

■ } of thc^ applicatiphs, it will be desirable td obtairi a membrane oh w 

arc inirnobilized a diverse set of oligonijcleoiides spco for different s^^ that 
ricvcitheless can hybridize. uride^^ same seqiidrice-spccific hybridizarion conditions: If 
necessary,; this si tijatiOn c^ the lengiii. i>bsition^ and strand- 

■ specifici]ty-of the probes, or by vaiying iJie am^^^^ probe applied to the iDcmbrihe; or b^ 
adding a sait/such as ^tramcthylarnnx^nl^ hybridization buffer tor; 

ininiinize differences among immobi^^ 

: compp^iripns (see AVood^ 

^ ^^?"^P?" oif the invention and 

enable the skilled artisan to apprcciatc tfie inyeritio^^^^ arid shoiild n^^^^^^ 

consovcd ja$^^^^ 1 ; ■ 
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' \ ■'. v•■'■^~^'; • Example i- . ■ 

> Probe RetehriOn knd Hy faidizariori Kffidericv ^ - 
J^^'^^-^^ as i fuii6iiojri 6^^^ 

length and jUV cxpc^^ btlow/ A 19-base oUgoiiuclcoiide : 

(RSlSr S^CT^ with gainma 32p- ■ 

ATP and T4 poly nucleotide kin^^^ Nanirc 324: 1 63-1 66X: Portions 

of the ^a^ed prptn; were (lyT); as ■ 

descriljcd by Roydhoucjhu^y^^y^ p^tscni Wa cori^ 

(RatUff 3i6chemieais;^U^^ and tidier dGTP or dTTP at either 

j+M,5p |iM, 100 ^2m\x^ Jilyl ic>prcpare ^c Nvith either dG 

V^^^T^Is of apprpxin^^^ 

rnolccule/ Rea^^^^^ for^^ m^ and were tomy^a^ 

by iaddition of an equal volume of 10 mM EDTA. ^: v : • " '-^-^ 

Four pnx)l of each sajiipje diluted in 100 jil of TE buffer were ispbned onto nine 
duplicate filters (Genctrans^45 nylon; PIascb,^^W^ for various ■ 

times, washed to rcmpve unbound oligbnucle^^ each spot was measured by 

: scintiliation counting;io deierniine the amount pfprobc^c^ to the nylon En<imbrane. 

The v^ues plotted in figure 1 ;are rclaiive to an unirradiaied, unwashed control filter (100% 
retention); UV irradiation was accom^^^ by jplacing the filters in a Siratalinkcr 1800™ 
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Uy light box and iuatliadng the filtcre at 254^^ i^sagc was controlled using the internal 
<r^'.y--':-:'°^^ of ^ledcyice;^ SDS for 30 

; bounc;;nic results plotti^ ih FigtJre'i show 

that cyen the non-tailed prot« was rct^^ but th^trctbntipn of the 

; P^l^ was nw ^tjy 

^r"-5--::r exhibited >9p% retention aft«^ ^;^V^ ^ " : ? 

. ; : However, high rctenri^^^^ neccssarxly correlate with high hybridization 

efficiency. Thus, hybridization efficiency was nacasured as follows. Probes were 
;J • prepared with_poly-dT tails as above, ljut with unlabeled RSI 8. The probes were sponed 
■ : : ^''^'^ uy irradiated, and excess^ vyas washed fttjtn the membrane by 

C-lOj: incubating the mcmbtaiiic iri 5X SSPE. 0.5% SDS. for 30 mjnutis at 55°G. The , 

(, • ' ^^^^^ 9^ l-5 uCi/pmol) in a ioiutio^ ccn^ning 5X SSPE and 0.5% SDS, at 55*>C 

minutes, w hybridization cdndirions^ The:4Tteriibi^ 

,15 -^ th^ll^ashed first with 2^^^ 

?; : V' :^ tounted. ahd the couiits plotted against UV^^c^ shown iir Flgiire 2; the values 

plotted are fmol RS24 hybridized to the rnembrane. The results show that none ofthe-non- 
tailed probe was able to hybridize under the conditions used, even though as much as 50% 

20/ : of the applied RS18 should be bound to the membrane. All of the tailed probes were able 
lb hybridize, with hybridization efficiency increasing with increasing tail length. Oprim"^ 
UV exposures were from about 60 to 1 20 mJ/cm2. - 

■ ; : . Example 2 'I'/ - \r \ ' • / 

25 ■ Sandwich Aji^vrny Sickle-rf-ll A p^mifl 

,: Two allele-spcdfic probes were prepared, one for the normal bcta-globin allele, 
called RSI 8, and one for the sickle-cell allele. RS2I (5'CrCCTGTGGAGAAGTCrGC); 
?ach probe had a 400 nt pbly-dT tail: > desired, a probe for the hemoglobiii C "allele can be 
prepared with the sequcricc: 5'(n-CCrAAG^^ 
30 were prepared arid spotted with 4. 2; 1; and 0.5 pmol of each tailed probe using the method 

set fpnh in Example 1. and then U V irradiated by placing the filters, DNA-siac down, 
direcUy onto a TM-36 Transilluminator UV Hghi box (U. V. Products, San Gabriel, CA) 
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for 5 minutes. Four 1 ng samples of genomic DNA (from ceU lines Molt4 (betaAbetaA)i 
, ?C-1 (be^m^^^^ (beu^bctaAjU beta-^Iobih delcdon 

mutant) wctc subjected to 3p PGR amplification cycles Svi Ji the primer pair PGO 
■ {^ACACAACTGTG^ KM38 (STCGTCrCCTTAMCCTGTCTO 

;;SaiJdEtai;^19$8.5£i£D^ 

.reaction buffer containing 50 mM KQ. 10 mM Tris-HCl (pH = 8.4). 1.5 mM MgClz, 100 
Ug/mlgcl^^^^^ 

; ajid 2.Siihits.of Taq ' 

0: P#5nT)ed on^ a DNA Thenrial Cycler: available 

; froiii PECI, set tb he^ 

.15 seconds (anhcaJ), and incubat^ 

Cycle program. After 30 cycles, the samples were incnibaied!^ addiiibnal.5 minutes at 72 
degrees C;^ : . ; •. ' '. ■■• ■, / '■'■'■''■^ ..- 

in 1 ml pf TTE. ^d then quenched on ice. A soludon (4 ml) of 6;25X SSPE, 6.25X 
: Dcnhardt's, arid a625% SDS was 

hybridized to one of the filters for 15 minutes at 55*C. Abashed with 2X SSPE, 0: 1 % SDS 
; (3 X 100 mi) fbr 2 minutes at about 25»G. and then washed with 2X. SSPE^ 6. 1 % SDS ( 1 
X lOb mi) for5 minutes at 55°C. . """^ v;:C'V 

were then equilibrated in 2X SSPE, 0.1% (v/v) Triton X- 100 (100 
; >#*^r 3 minutes at a^^^ 25°C to remove SDS. AU of the filters were then hybridized in 
; tJic sainc, buffer with a horseradish peroxidase (HRP) labeled IS-mer. RS 1 1 1 (5'. 
GCAGGTrGGTATO^A).;specific f6r thc PC03/KM38 airiplification product, prepared by 
the metJipd disclosed in PC? publications WO 89/02931 and 89A)2932; inbbrporated herein 
/by reffercncb;v'K.-;:-'"\ ■ ■ 

" ^ ■ -^-^^^^^ derivatizing the nucleic^acid prpb^ using a linear 

linking ,n<3lceule^ ^ polyoxyethyicfe) having a 

phosphpramidi|c rnoiety at one end and a protected sulrtiydryl moiety at the other end. The 
phosphorainifntc rrwiciy cou to the nucleic acid probe by tractions wcU known in the 
art(c:g.;Bcaiiq^ 

^^^ '^}y[^ <^ form disulfide or other covalent bonds with a protein^ e.g., HRP. 
::Thc HRP is' conjugated to the linking molecule through . an N-rnaleiinido:.6-amin4a^ 
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; ■ group.yThc label is prepared by esterifying N-malcimjdch6-aniinocaproic acid with sodium 
, 4^ in the presence of one equivalent of v, ; ; 

'dicj'Icohcxyicarbbdiinu^ in dimetfiyifbrmarriidc. After purificadon, the product is added 
; to phosphate buffer containing HRI^ aia vycight ratio of S:l HIU^ to.cster. ,Thc 
^^^^^^^^^H^ synthesizcsd in a DNA synth^^ the Uiiking rableculc ha/irig 

" 5 thj s^ (C6ri^feCS-(CH2CH26)4-^ attached using : ; 

: phbsphoraniiditcsyrithcsis conditi and thc HRPj 

d^ probe dcriyativc are mix torcact io fonri the labeled; 

; probb. A biotin-labe^ " ■ 

• The membran^^ incubated wi th 4 pniol RS 11 1 in a solution (8 ml) composed of 
ipv v;: 5^ and 0l5% Tritqri X-I06: for 10^^ at ; Follow 

incubation; ihc^m^ 

■ ■ for 2 minutes at'abqut 25°C:-:^ "v--^^-''^; -^^ ./-^^v- ■'-'^^I'^'V''-^-^-^^ 

^^^^^^^■^^^V:^^^^^< followed by^ color development^ 

V Adad^Sci . USA 83:^85>9089V with TMB/HoCb^as show in Fig\irc;;3,^ The mcm^ 
15 , B (ODB-B: 237 mM Naa. 2.^^^ 

V rtiM KH2F64; 8.0 m Triton X-IOO. t M uiea,- 

and: 1 % dqxtran Sulfate), followed by washes with 2 x i 00 ml of CDB- C ( 1 CND rnM^^ 
citraic, pH 5.0) for 2 minutes at developed by replacing the 

CpB'C scHiJti pH 5JD, 6.1 mg>^ 

20 33\5,5*-tetramcthylbcnzidine), adding 50 |U or3% H202V and allowing the color to 

develop for 30 minutes. The bcta-globin genotypes of the amplified DNA sample 
readily apparent fronri the fillers, and good signal intensity was obtained even 
■ fP^^'^^spoi/V': "-.v, - :\- '^r./.., '\ ' ^:'^r'- ^ ' ^ 

25 \ : . ' ■ ■ Examples 

Direct Assay for Sickle-Cell Anemia 
A second set of DNAs (as described in Example 2 above) was amplified with PC03 
andBW19, BW19hasthescquen 

bound to a molecule of biotin at the 5* end. Twelve jil of each of these amplification 
30^ pioducts wcrc denatured as described in Example 2; added to 4 nal of hybridization buffer 

(6.25X SSPE, 6.25X Dcnhardi's, and 0.625WSDS), and incubated with the mcnribrane- 
bound probe (the Vernaining four filters from Example;2 above) ai 55°C for 15 minutes. 
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The mcmt^ 0.1% SDS (3 x 100 ml) for 3 minutes 

V r at iwmjernperaitiue, fo^^ 2X SSPE/O.1% SDS (1. x 100 ml) fbr5 

TTic memlOT^ pcolcd together and equilibrated in 100 ml of CDB-A for 5 

: minutes at abou(25?C (OiB^A: 237 2;7 mM KGi; i;5 rbM KH2PQ4; 8,0 mlv 

; : 5 - ; Na^HPOi^ pti 7 XripO)^;the membranes were then placed in a heat- 
scalable bag wtli 10 ml 

Q>rporaiionvEmic^^ gently shaken for 10 minutes at about ■ 

■ : - 25^Ci Excess cohju^ <3DB-A (3 x ICO ml for 3 minuter 
: ; at 25°C), < 1 jx 1 00 ml for 5 minutes at 25^G); and CDB-C (2 x 100 ml for 3 

\ :10 dDB-d <lbO iril) fbr5 miriut< 

^ i : at iponi tcmpeiraiurei f^^ of 3% H262;^ allowed 1 

dpvelop for 30 minuie^^^^ shaking, folIONved by washing under dcionizcd water 

; ; V V : fpr iO minutes:';^ 4, JThe^^i 

' intensity and sp<Kn^^ to thosc ;S - 

'15 ;^ obtained by sism^ signal in Gry12()6^ beta-g;lobjn 

. contamination in .that ^ ■ 

HinA PQalpha CgnQtyping . • ' > ; • - 

The DQaipha test is derived fnorrua PCR-ba^ed pUgonuclTOddc^^^^^ system that 
partitions the polymorphic variants at the DQalpha locus into four DNA major types 
denoted DQA l . DQ^ three DQA4 subt)T>es, DQA^ DQA4.2;anf 

DQA4,3, afi^ thrbePQA I subtyjiesi DQAl. l, DQA1.2, ah4 DQA1;3 (sec Higuchi £i §1,, 

i988;NaiiiK:2^^ r 

Four oUgoniicleoti^^^^ major tj^e^t fo\ir oligbhuclebtides that 

charactCTizcd thc subtyi^ and one' control oligonucleotide that hybridizes tb-all allelic 
DQalpha sequences were given 4Ck) ntpolyrdT tails ahd Slotted brito 12 dupIT^^ 
filters. About 2 to 10 pmol of each probe were placed in each spot 

With regard to amount of probe spotted, however, one may wish to employ lowei 
amounts of RH^ RH54 per spot is preferred. These probe 

arc ppsitive control probes for a/j»plifcation and will hybridize to any DQalpha alleles und 
the conditions described. By reducing the amount of positive control probe on ihc 
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mcmbranc/pnc can^m 

nwmlrrahe. Then, if insufficient amplified DQalpha DNA is applied id the membrane, one 
cih recognize ,th posidvc con toI probe wiU noi react c^^^ only 

: very weakly,' Othciyose, when insufficient ^mple DNA is appUcd io the membrane, one 
runs the risk' of niisrcading a hetcrpzygc;*s type as a homozygous typc^ 
5 probes; hybridize less efficiently tlian others. „ - J. .i^. 

; After spotringi the membranes were irradiated at 40 mJ/cm^, The sequences of the 
hybridizing regions of the resulting immobilized probes arc shown bei^ 



doaTyp? 








■ :GH75? 


5'-CTCAGGCCACGGGCAGGGA or 




RH83 


; S'-GAGTrCAGCAAATTTGGAG 




RH71 


5''TtCGACAGACTTAGATTTG or - 


RH82 


S'-TTCCACAGACTTAGATTTGAC 




GH67 


5'-trCCGCAGATTTAGAAGAT 


A4.?- •■. 


cmo 


S'-TuTT-fCCCT 


A 1.1 


GH88 


S'-CGTAGAACTCCTCATCTCe 


A1.2. 13, 4 ■ ; 


.GH89 


5VGATGAGCAGTTCTACGTGG 


■■ A i>3-- 


GH77 


S'-GTGGAGAAGAAGGAGAC 


notAl.3 


GH76 


S'-GTCTCCTTCCTCTCCAG 




RH54 


5'-CTACGTGGACCTGGAGAG- 






GAAGGAGACTGCCTG or 




GH64 


5'-TGGACCTGGAGAGGAAGGAGACTG 


A4.2vA4:3.: 






not A4.1 


HEOl 


5'-CATCGCTGTGACAAAACAT 



Although, most of the probes are uniquely specific for one DQA typc^ two of the DQA 1 
25 subiypihg probes cross hybridize to several DNA types. GH89 hybridizes to. a sequence 

common to the DQA 1.2, 1.3, and 4 types, arid the probe GH76 detects all DQA types 

except DQA1:3: The GH76 probe is needed to distinguish DQA 1.2/1.^^ heterozygptes 
V . irtm DQA 1 ;3/l .3 homozygbtcs. Further, the length and strand specificity of the probes 

Were adjusted so that iheir relative hybridization efficiencies and stringency requirements 
30 for alleUc discrirninati These eight probes produce ia 

unique hybridization pattern for each of the 21 possible DQA diploid combinations. 
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TTie sequence variation that define 
relatively small hypcrvariablc region of the second exon that can _bc cncpnipassed within a 
single 242 bp rcR amplification product (see Horn cl 1988, PrQg> Natl ; Acad , Sa- 
USA gg:6012-66l6): These primers arc show 
Primer RSI 34 is 5'-GfGCrGC^^ 
5 ; i Primer RS I 35 is ^ 

- Biotiriylated PGR primers were used to amplify this 242 bp DQalpha sequence firbm several 
genoniic DNA samples: six honnozygous cell Unes and six heicro^^ 
: Thcbiotinylaicdprinicrs 
/ introduced at the 5' lermini of the primerS: by a variation of protocols set forth in CouU 
10- et al.> 1986: Tetrahedron I:^tt; ::27:399K3994 and Conrio^^^ - . 

15:3131-3139. Briefly, tcnacthylene glycol w^^ 
derivative; by reaction 
diisopropyl a2X>dicaji^ 
: phthalmiide was converted 
15 phosphoramidite as described in Sinha ct al.. 1984: Nuc: Acids Res iil 2:4539, The 

rcsuldrig phthalimido amiditCvwas^ to rhc 5* ends of the oUgpnuclTO the 
final cycle of automated DNA synthesis uising standard^^^ Diiring 
ncnrnal deproicctibn of the PNA 
degrees C>, the phthalirnido gTO^ 
20 : subsequently acylatcd with an appropriate biotih active estcn LC-NHS-bibtin (Pierce) was 
selected for its water solubijity and lack of steric hindraji 

performed on crude, deprotcctcd oligonucleotide and the mixture purified by a combination 
.of gel. filtration arid reversed-phase HPLC f see Levenson et aKM989. in PGR Protocols 
and Applications r A Laboratory Manual . eds/I'nnis ct aK. AcadcTnia^ NY). 
25 - After hybridization of the amplified DNA 

the P<5alpha genotypes of these samples is In 
Figure 5. the specificity of each irriiriobilized probe is noted at the top of the filters and the 
PQA genotype of each sample is noted at the right of the corrcsporiding filten 
TlieiriOT 

30 typing; at the HLA DQalpha locus that. kits for typing will be important conirncrcially. These 

kits can come in a variety of forms, but a preferred embodiment of the kit is 
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described in detail, belovvV This description is followed by a description of simplified 
typingprdiocoisfbruse vvith thekiL * 

A preferred Jdi will coniai ri one or more vials of prc-aliquottd, ^'sterilized (see 
below) DQalpha PGR aniplificatipn mixes, typically in concentrated (2X is preferred) form 

; and prc-aJiquoied in 50 jil aliquots. Each 50 ^il aliquot will contain: 5 [iinol KCl, 1 pxnol 
Tris-HCi (pH 83), 250 nmol MgCl^ 1 5 pmol of biotinylated RS134, 15 pmol of 
bibtinylated RS134v 18.75; nmol eacb pf dG^P, dATP. dTT^ dClP/aiidyfrom 2.5^ 
up to 50 units of recbrhbihant Taq polymerase" (FECI). The dNTPs will- bp prepared ficpm 
stock solutions at pH =^ 7. The sterilization protocol also introduces yeiyjow levels of 
iriactiyatedl DNAse and NaCl; as noted W 

TTic VsteriUzedV rcajg^^^^ to above relaie to.the need to avoid obhtisuTOnation 

of reagents with non-sample-derived nucleic acid, sequences/ Because ; 
powdfulamplificati method, contanninating niolecules can lead to error^^^^^^ this ■ 

contamination problem, the present i^^^^^^ novel stOTlistation procedurCv This 

procedure ennploys a PNAsc, preferably bovine pancreas bNAse. to rbrnovc low levels of 

: ;DNA cbntaniination fr^^ 
sensitive to: this enzyme; the primers arc omitted from the batiph undl thc;E)NAse has been 
inactivated by thennal denaturatioh,: However, if RNA primers arc to be employed in the 
PGR niixturc, the primers can be present during sterilization. In addition; dcrivatiz^ 
nucleotides can be used to make an oligonucleoHdc toDNAse; for instance, thio- 

substinjted nucleotides, such as phosphorothipates can be used to prepare oUgpnuclc^ 
resistant to DNAse (see Siizer and Eckstein; 1988^ Niic . Acids Res , 1 6: 1 1.691 V Those of 
skill in the art recognize that an equivalent sterilization procedure utilizes a restriction 

: enzythc that cleaves a sequence present in the amplification target; if any contaminating 
; tai-get is present, the restriction enzyme will cleave the cpntaniihantv rendering it unavailable 
for amplification. ^^^^^ v 

In the preferred sterilfzation procedure, however, 2.5. ml of lOX Taq buffer (100 
mM Tris-HGl, pH = 8.3; SOO^nriM KCl; and 25 mM MgCl2) are auibclaved and added to 
0,19 ml of a solution that iis 25 .mM in each dNTP, 0.13 ml of Taq DNA polymerase at a 
concentration of 5 U/^il, and 8.75 ml of glass distilled water. The mixing of these reagents 
can be convenientJy carried out in ia 50 ml polypropylene cube. Oiicc the rnixniirc is 
prepared, 650 U of DlSIAsc 1 (Cooper Biomedicals; 2500 U/ml in 150 niM NaGl, stored 
frozen} are added and the resulting solution incubated at 37 degrees G for 15 minutes. The 
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DNAse is inacrivaicd by incubaring the mixture at 93 degrees C for lO.minutcs. Then, 
038 rnl of cich primer at iO ^M is added to the stcrilizied reagent, which is then aiiquoicd, 
preferably vyiih ai "dedicated" pijpettor ajid in the protected cbnfi of a laminar flow hood. 

The kit can optionally contain the PCR reagents above, but must contain the ; 
immobilized probes of the invention, which can be prepared as described above with a 
blotting laiid automated pipetting device. The soUd suppon can conveniently rnarkcd by 
isilk-screening.; TTie^W SA-HIU^ at ia cpnccntrarion of 20 [xg/it^^^ 

which correlates to 250 nniol/nni SA: Th6 SAtHRP is sii^^ iii a buffer composed of 10 
mM ACES- 2 M NaCl^ at a pH = 6.5; Tlie kit can als^^^^^ ai concentrated (5X to 20X) 

sblytiph of chjT^mogenv Such as leiico dye ( is maj-keicd by Kbdak in the Surc-GcirrM 
^diagnostic }drs).br.^^ 

• willaiso be more i^uccessful if sifi^ 

ixiciudcd; : Typical instnictions for a prefeitiid enribbdim^^^ 

; are as fplibws. About 2 :(if hybridization is cairicil but m a scaied b^g) :o 3 (if ■ 
hybridization is carried bu^^ 0.5% 
SDS, and; in some instances, 1 % dexrran-sulfa|tc(^^^^ 

fdrriis would work) aids in color rcichtibn) are warmed to 55 dcgxes G prior to use. 
TTjc sample DNA is amplificid by PCR u^^ bibtinyl^ted priiM biotinylated 
prpducr is heated to 95 degrees for 3 to 5 minutes to Pcnaturatibn can 

also be accomplished by adding srfil bf 5 M N^^ of PGR product (final NaOH 

cbnccntration is 250 mM): About 15 jilb^^^ 

Cand never frozen) arc then added to, the 2 to 3 rhl of hybridization solution; and then, 20 
|il bf the still hot, denarurcil PGR product are^^ If aUcaii dcnatura 

used, then one needs to use more: PGR product to maintin the saime level of sensitivity 
-attained with heat denaturatiori; Typically 25 to 50 |il o^PGk pn*6du^^^^^ to : 

40 jil of the SA-HRP stock solution. Best results arc obtained whcn^A^^^^ ^ 
the biotin arc in approximate molar cq 

in HRP) arc used for every 6 prtiol of biotinylated PGR productused for hybridization. ' . 
The PGR product should always be added last and ininiediately after denaturation. 

If the hybridization is carried out in a sealed bag, aU air bubbles should be removed 
prior to sealing tnc '^^g. If the hybridization is carried out in a trough, the entire dx>ugh 
should t>c firmly covered with a glass p'.atc. Hybridization is carried but for 20 minutes at 
55 degrees C in a shaking water bath set at a moderate to high shaking speed, i.e., 50 to • 
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200 ipm. The wash solution (2X SSPE, 0.1% SDS) is prc-wanri^^ tQ;55 degrees during 
the hybridization step.: After hybridization, all fiUcrs arc placed in a bowl containing 200 to 
300 ml of pre- warmed wash solution and washed for 8 to 10 minutes in a shaldng water 
bath at 55 degrees ':• -j: \-: -'^-'^y',^^^^^ . 

Coior development is accornpHshcd at nx)m tcrnjx and usually in a shaking 
water bath as follows if the chrbmogcn is TMiB^; TT^e filt^^ in 200 to 300 ml of 

room tcimperaturc wash solution for 5 mi then cransfcrr^ 2(X> to 300 nil of Buffer 
,C (100 niM NaCiffatc, pH = 5.0) and rihsedi for 5 minutes; then incubated for 5 minutes in 
40 ml of Buffer C containing 2 ml of TMB (2 rng/rnl in 100% cihajiol and stored at 4 ■ 
degrees C); then transferred to a fresh dye solution (cpnnpo^^^ and 2 ; ; 

ml orTMiEf).'containing 4 jal of 30% hydrpgen peiOX^ ihc color is allowed co develop 

for 5 to 15 minutes/ The color develbpmci^t is stoppcul; by rihsirijg the fi^ tWiccj; with _ : 
water; the filters can be dried and stdred if protected frprri light ; weak (faint 

dots), the proccdu is rcpeatec! usirig 59 ii! of ihc PC^^ ah'd40 |Jl1 of the S A-HRP , 

during the hybridization step; ■ If leucb dye is used in place of TMB^ then one replaces the 
Buffer C rifisc/iviih^^ a ririsc in 200 to 3C0 ml of IXPBS;! a^^ in 
25 ml of a mixture of the dye and hydrogen peroxide (the sariic forniijJation as in Kodak 
Surc-CellTM fcits).^TTie_dcvel6pnient rime ^ 5 to lO minutcs; color dbvel^^^ is stopped 
by washjng.lhc filtcrs'lwicc iri-PBS.;., 

^Examples 

i> 

Although there arc over 54 characienzcti mutations of ihcrbeta-globin gene Uiat can 
give rise to beta-ihalasseiiiia, each cihnid: grou in which this disease is prevalent has a 
' lirhiied number of common mutations (see Kaz^ 1 984. Nature' 3 10 : 152- 1 54: 

Kazazian iialv 1984, EMfiQ 1^1:593-596^^^^^ 

40). In Mediterranean populations, eight mutations are responsible for over 90% of the 
bcta-thalasscmia alleles.-; ■ •[\/\.--r:.:,/^-i^-,y:j:-.y- ■ 

Probes were synthesized that arc specific for each of these eight mutations as well 
as their corresponding normal sc^ucnces.^ T^ probes were given 400 ht poly-dT tails with 
terminal transferase and applied to membranes; Various^ amounts of each nrbbc were 
applied to twelve duplicate nylon filters; irradiated at 40 nij/em2, hybridized^ N^ 
bcta-globin sequences in genomic DNA samples, and color developed. The result is . 
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Probe 
RSI 87 (8) 
RS188(8X 
RS87(4) 
RS89 (4) 



RSi92(4) 
RS193 (4) 
RS20i (2) 
:RS202(2) 
.RS196(4) 
RS197(4) 
RS198 (4) 



shown in Figufc 6/ In the figure, the bcta-thalasscmia locus tJjai is detected by each 
imriibbiJizcd jprpbc pai^ is written at the top of the fihcrs. For each filto-, ihb upper row 
doftiains the prob<5S that are specific for the normal sequence, and the lower )^o\v contains 
th^ probes speci^c for the m^^^^ The bcm^globin genotype of ciich sample is 

notai at the right of U«e corresponding filter. The name; amoiint; applied to the cbcrnbranc 
('"^.Propls and riw ard sequence of eaich probe is shown 

VbeioW.^'~' ':V ■ ■ '.'■„■■ . v-:V'''}:/,'v; jiC '.■ ; 

Sequence 

s'-TAq acg\ataggg5^ y ' 

;v5;-crcTC^ 

-'^'-ctt6at\\cc^cctg ■ 

^'-TGGGCIAdA^^ 
;/5'-(XAT<^GiACTC^ 

;:'5NQGAGAAT(^^ 
5-GCAGAATGGTACCTGGATt 

5'-Acrrcc^ 

^5^G;^dTCXlx5GGAGi«^ 
"S^TGACTCCTGAGGAGGTCTG 
Because the .l>5ta-thaJ mutations are distributed Uubughput the beta-globin 

gchci biodnylat«i f GR pri^m that amplify the entire gene in a single 17iB0 bp amplified 
product were used.j/The primers* used foi" the amplification aie shown belpw^. 
^.A^'-S R5-15 1 5'-ATCACTrAGACCTCACCGrG 
" RS 152 is S^GACeTCCCACATTCCCTTTT 

This amplification product encompasses aJ I known bcta-thaJassemia mutations. FoUowing 
hybridization and color, dcytlopfncn t, the bcia-globin jgcnPtypes could be determined by 
noting die pattern of hybridization, as shown in Fi^iirc 6. 

. Unlike the mutation 
one specific for the nbnrial sequenpe and one specific for the mutant sequence to 
differentiate npnnal/mutant heterozygous carriers .from mutant/mutant homozygotes. A 



Allele Soecificitv 
Npitnal Betai:"o 
Mutant Betai-' 10 ; 
Nomial Beia39 
Mutant Beta39 ; 
RS 1 89 (0.33) Nonnal Betai-6: 
R^190 (0.33) Mutant S^ta J-6 i ^ 
RS19K1) :MutiitBeta^fe 
Npitnai Bcta2- i^.'v^ 
Maiiit j3eta2j 
Norinal Bcta?-'^^ 
Mutant Beta2-745 
Normal Beta*.* 
Mutahr3eta6 
Mutant Betas ■ 
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complicating factor in this analysis is caused by apparent secondary structure; in various 
portions of the rpladvcly long bcia-globih amplification ptxiduct that intcii^crcS; with probe 
hybridizatidn. Ttic relaiivcly high stringency needed to minimize this secpndaiy struaure 
requires the use of longer (19 ni hybridizing regions) probes to captyre^thc ainpiified bcta- 
glpbin fragiTienL Because this constraint would noi permit varying the Icnigth of the probes 
to compensate for different hybridization efficiencies; the balancing of signal iritcnsiries 
was acconnplishcd by adjusting the amount of each oligonuclepudc applied to the 
■membrane^/- " v-^V.-"^ ' 
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1. As aisay regent comprising 
; suppon, s^d probe 

, coitjplcmcntaiy to a sp^ific nuclebride sequence to be detected cpvaJently attached to a 
5 - spacer arm which is longer than said hybrijdiziftg region, wherein said probe is immobilized 
oa said solid sup-port by a covalcnt bohd between said solid support and said spacer arai, 
isuch that. the hybridizing region of isaid probe can hybridiaw to said nucleotide sequence to 
; be detected undCT hybridizing conditio 

: : 2 . TTie assa^y reagent of Claim I v W^^^ a polynucleotide 

10 - tail, said solid support cohtains priniary or sciondajy airiines prior to attachment of said 

probe to said support - and sa^^ is forrned by ultraviolet light irradiation of said- 

.. probe on said supjk^ ' " ' 

3. ' Theassay reagent of Claim^ 2 
15 ; , cUgodeoxyribohuclcbtide.; y ^ 

4. The assay reagent of Claini 3^ 

"nucleotides. v. v^- 

5 , The assay reagent of Claim 4, wherein said suppon comprises nylon, 

6. The assay reagent of Claim 4, wherein s^ 
20 p>Timidine nucleotides. ■ 

7. The assay reagent of Claim 6, wherein said pyriiTiidine nucl^ 
ihyriiidihc nucleotides, . V ■ : - ' - 

8 . : The assay reagent of Claim 6, wherein said hybridizing region is a sequence 
of nucleotides from 17 tb 23 nucleotides in length. 
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: assay reagent of Claim 1 that comprises a set of probes imtnobilizcd on 

, a solid suppon, wherein said scr 

J)f said set having a hybndizadon region diiffercnt fro every oilier tncmbcj- oif said set, 
wherein each member is immobilized on said solid support at k di«:rete location separate 
. 5, fk?nieve ; -^^^ ^ ^ ^ 

1 0. ^^^v; Glairn 9; wherein each probe of said set of probes is an 

■ oUgbdeoxyribohucIcotide. - . 

^^^^^ merhbcr probe of said set serves 

; ai.apositivc.conproir .. - ' ^ .. ~ > : 

'^9; i^y ^ 12. yv0^ 9,;wlieh:ih sdd meimte^ of said set are 

coniplemcniaiy to variant alleles of a g^^ 

14. : Ihc a^ wherein said generic locus is an HLA locus. 

' 5- O Tht assay reagent of Claim 14, wherein said HIA locus is DQalpha. ; 

1 6. The assay reage nt of Claim 9, wherein said spacer arm is a polynucleotide 
. tail, and said solid suppon contains primary or secondary amines prior to attachment of 
said probe tp said support, and said attachment is forimed isy ultraviolet light inadiation of 
said probe on said s.upp>on 

^° 17. A method for jsreparing the assay reagent of Qaim 2. -which method 

comprises: (a) contacting said probe with a solid support comprising amine groups; and 
(b) ,inadiatihg the suppon prepared 
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18. A method for delecting the pre 
which method comprises; (a) contacting said sample with the assay rcagcni qf Claim 1 
under conditions thai alJovv for hybridizatipn of compjcmentity nucleic acid sequences; and 
- (b)dcternnining if hyt^ 

5 . 19. A kit comprising the assay reagent of Clainfi 1 and iristructions for detecting 

specific nucleic adds with said reagent, 

: 20; : An assay reagent ci)mpri a set of bUgonucIeotldd probes covale 
attached to a solid sujDpon; wherein said of probes cojiriimsts v^6 or more members, 

said set haying a hybridization region different from every bihcr member - 
^ ^ ' 9f set, wherein ca^^^^ nicmber is imiTObiHzed on said support it at discrete location 
separate from every other probe of said set ■■■V.'. "- r"'':^^ 

hybridiird lo^^ probes, wherein said poly niiclcbtide comprises at least 50 
■ nucleotides, ■■' \'::- '^-'\--'^ - ;" ■■ ■ \.' _ ' /'^V-^-V 

22., The reagent of Claim 20, aJso comprising a target sequence from a sample 
. hybridized p an imrnqbilizcj^ probe o^ 
; immobilized on said support at^^^^ 
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